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Abstract
Managing and determination of the blood lipid profile and oxidative status are useful tool to show the in-
fluence of foreign chemical substances on production of dairy cows. Investigation of various biomarkers of 
oxidative stress related to various problems in the production dairy cows presents a very important issue. The 
aim of this research was to investigate different biological markers in two different breeds of dairy cows - the 
Holstein Friesian and the Simmental, during different stages of lactation. The total of 60 Holstein Friesian and 
Simmental cows were divided into two treatments (HF and S) which was further divided into three groups 
each, respectively. Lactating groups of each cow breed was divided into three stages at early lactation of 
32-75 days (HF1 and S1), peak lactation of 80-165 days (HF2 and S2) and low lactation of 175 days onward 
(HF3 and S3). During the research the total milk production and the percentage of milk fat and protein were 
determined. Blood samples were collected from jugular vein of each cow, the serum was harvested without 
anticoagulant and stored at -20 °C in small aliquots till further analysis. Serum was then analyzed for triglycer-
ide, cholesterol, HDL, LDL, AST, ALT, GGT, the total antioxidant status (TAS), the total oxidant status (TOS), 
MDA, SOD, catalase and paraoxonase (PON1). Significantly (P<0.05) higher values of cholesterol, TOS and 
SOD at peak lactation stage was observed in all cows. A gradual decline from early lactation to low lactation 
was observed in the values of triglycerides and ALT, while MDA gradually increased from the same stage in 
all cows. The values of LDL and catalase showed an irregular pattern of variations in various lactation stages 
among all groups. The Holstein Friesian breed showed significantly higher values of ALT and PON1, while val-
ues of HDL, TAS and TOS were the lowest in Simmental group (P<0.05). By measuring the signs of oxidative 
stress, it was concluded that metabolic efforts of cows during the peak of lactation affected the investigated 
parameters. Disturbance in feed intake and rise in metabolic processes lift up oxidative stress in cows, espe-
cially during the peak of lactation, which might be determined by monitoring blood alterations. Results of our 
study indicated that the Holstein Friesian breed was under higher oxidative stress during different lactation 
stages compared to Simmental dairy cows. 
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Introduction
Over the last few decades, considerable chang-
es have occurred in the European dairy cattle pro-
duction. Crossings with the upgrading method have 
changed the genetic structure of the most com-
bined breeds in the European countries (Obućin-
ski et al., 2019). In breeding, the most frequently 
used breed has been the intensive dairy Holstein 
Friesian (HF) breed (Nemes et al., 2016). The term 
“biomarker” was used for the first time almost 40 
years ago. Biomarker is an intentionally meas-
ured feature, estimated as an indicator of ordi-
nary biological processes, pathogenic processes, 
or pharmacologic responses to a therapeutic in-
terference. Biomarkers can be used to show an 
exposure to the consequence of unknown chem-
ical substances that may be present in our vi-
cinity. 
The biological health markers of animals sig-
nificantly depend on the modifications in com-
ponents of biochemical and hematological pro-
cesses (Hassan et al., 2012). The biochemistry 
of blood is estimated in order to evaluate the 
health status of cows. This estimation of blood 
biochemistry is required to identify numer-
ous pathological, physiological and metabol-
ic problems of dairy animals (Park et al., 2010; 
Koenyves et al., 2017). 
Cholesterol is actually a lipid. It is found in the 
bloodstream and considered as essential to living 
organisms (Puvača et al., 2016). The function of 
cholesterol is to build cell membranes and to 
produce different hormones essential for proper 
body functions such as estrogen, progesterone 
and aldosterone (Ahmad et al., 2004). By assess-
ing the parameters such as the total cholesterol, 
HDL (High density lipoprotein), LDL (Low density 
lipoprotein) and triglycerides (TG), variations in li-
pid metabolism occurring in lactating cows could 
be better understood (Kurpińska et al., 2015). 
Aspartate transaminase (AST), Alanine transam-
inase (ALT) and Gamma-glutamyltransferase 
(GGT) are serum enzymes commonly found in 
the liver tissues and are considered as biological 
health markers in case of hepatic disorders and 
other health issues (Boonprong et al., 2007; Lim 
et al., 2007). The damaged tissues liberate intra-
cellular enzymes and cause pathological alterations 
in various tissues resulting in increased concentra-
tions of serum enzymes. 
The determination of serum enzymes per-
formance and other parameters is helpful for 
the diagnosis and understanding of dairy cows’ 
health issues (Elazab, 2015). Researchers are 
enthusiastic in discovering the biomarkers of 
oxidative stress as a contributory mediator of 
the expansion of different health issues in dairy 
cows. By definition, oxidative stress is a phe-
nomenon of cellular degradation as a result of 
boosted oxidant release in animal body cells due 
to the release of free radicals. This condition of 
chemical stress arises as the release of free rad-
icals within the body cells goes beyond its ability 
to neutralize and remove those (Popović et al., 
2018). 
In recent studies, veterinarians have focused 
onto finding out various antioxidants in animals 
for remedial intention (Sharma et al., 2011). As 
there are many biochemical markers that reflect 
the stress caused by oxidation, while there are 
several diagnostic procedures being used to eval-
uate the total antioxidant status (TAS) since it is 
difficult to assess each antioxidant constituent 
independently, as well as their relations to other 
serum components (Casti l lo et al., 2006). Malon-
dialdehyde (MDA) is preferred as the best indi-
cator of reactive oxygen species and a detector 
of free oxygen radicals released during abnormal 
functioning of different tissues (Subdhi et al., 
2001). The main function of this enzyme (SOD) 
is to split the superoxide radical into O2 and H2O2 
(Liu et al., 2012). Catalase is recurrently utilized 
by cells to quickly catalyze the reaction of H2O2 
to break into less-reactive oxygen gas and water. 
Paraoxonase (PON1) acts as an antioxidant mol-
ecule with the ability to eliminate the oxidized 
lipids, both on HDL and LDL as well. In this way, 
it participates in antioxidant mechanisms. 
Measuring serum PON1 activity of dairy cat-
tle during different lactation stages could be a 
useful diagnostic tool helping to obtain better 
health assessment during high milk production 
(Kulka et al., 2016). It is factual to acquire in-
formation concerning dairy animals’ metabolic 
and health state by serum biochemical analy-
ses as an investigative practice to contrast the 
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status with the standard values of animals in 
good physical condition (Jezek et al., 2006). Celi 
and Gabai (2015) encouraged other scientists to 
recognize biomarkers of protein oxidation used in 
veterinary medicine in order to understand role of 
oxidative stress (Puvača et al., 2018) that lead to 
decline in animal welfare and production (Obućin-
ski et al., 2019). 
On the basis of the previously presented, the 
aim of this research is to investigate different 
biological markers in two breeds of dairy cows - 
the Holstein Friesian and the Simmental, during 
different stages of milk production.
Materials and methods
The study was carried out by selecting the total 
of 60 cows belonging to the breeds Holstein Frie-
sian and Simmental, at the age between three and 
seven years, maintained under production condi-
tion at the dairy cattle farm in Paljuvi, municipality 
Valjevo, Serbia. Animals selected for this research 
were vaccinated and healthy.
The selected Holstein Friesian and Simmental 
cows were divided into two equal experimental 
treatments of 30 cows each (HF and S), respec-
tively. Further, each treatment was divided into 
three groups of each cow breed, which was di-
vided into three lactation stages as follows: the 
early lactation of 32-75 days (HF1 and S1); the 
peak lactation of 80-165 days (HF2 and S2) and 
the low lactation of 175 days onward (HF3 and 
S3). Each group consisted of 10 cows, meaning 
in total of 30 cows per one treatment in three 
replicates.
The dietary rations given to cows during lac-
tating consisted of clover mixture of alfalfa and 
barley and ad-libitum. In addition, cows were also 
fed 4 kg per day of concentrate containing barley 
grain (35 %), wheat bran (30 %), maize (17 %), 
soybean meal (25 %), salt, vitamins, and minerals 
(3 %). The feeding schedule consisted of the en-
ergy requirement for the lactating cows.
The total milk production and the contents of 
milk fat and proteins were determined.
Blood samples were collected aseptically from 
jugular vein from each cow at different stages of 
lactation in the morning, under the supervision of 
a veterinarian engaged for monitoring animal 
welfare during this research. After centrifugation 
of blood samples for 15 minutes, the serum was 
collected without anticoagulant and stored at 
-20˚C in small aliquots till further analysis.
The blood serum tube with samples was de-
frosted and then kept at room temperature prior 
to analysis. After complete defrosting, the sub-
sequent biological health markers such as Tri-
glycerides (TG, mg/dL), Cholesterol (Chol, mg/
dL), Cholesterol-HDL (HDL-Chol, mg/dL), Low 
Density Lipoprotein (LDL-Chol, mg/dL) regarding 
to blood lipid profile and Aspartate Transaminase 
(AST, U/L), Alanine Transaminase (ALT, U/L), 
Gamma-glutamyl transferase (GGT, U/L), Total 
Antioxidant Status (TAS, mmol trolox Equiv./L), 
Total Oxidant Status (TOS, μmol H2O2 Equiv./L), 
Malondialdehyde (MDA, mmol/mL), Superoxide 
Dismutase (SOD, μ/mL), Catalase Activity (Cat, 
KU/L), Paraoxonase-1 (PON1; U/min/mL) regard-
ing to blood oxidative status were examined, as 
previously described in detail by Puvača et al. 
(2016), Kostadinović et al. (2016) and Popović 
et al. (2017).
The data were statistically analysed by using 
a two-way analysis of variance techniques for the 
determination of difference between the investi-
gated breed groups at various stages by using the 
STATISTICA 13 software. The means for signifi-
cance between different stages of lactation were 
determined by Tukey post-hoc test and P<0.05 
were taken as statistical significance.
Results and discussion
The most important results in terms of milk 
yield, milk fat percentage and milk protein percent-
age are showed in Table 1. 
The results showed in Table 1 present a sta-
tistically significant (P<0.05) difference in the milk 
yield between the Simmental and the Holstein 
Friesian cows (6027 and 7567 kg). Statistically 
significant (P<0.05) difference can also be seen 
regarding the average milk fat percentage for to-
tal lactation period where the Simmental breed 
showed a higher milk fat content of 4.79 % com-
pared to the Holstein Friesian breed (4.34 %). On 
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table 1. The total milk yield, milk fat percentage and milk protein percentage
Cow breed n Milk yield, kg Milk fat, % Milk protein, %
Simmental (S) 30 6027 4.79 3.13
Holstein Friesian (HF) 30 7567 4.34 3.39
Pooled standard error 717 0.23 0.11
Differences with significances
S - HF -1.54* 0.45* 0.26*
* - significant difference P<0.05
was higher in the Holstein Friesian breed at the 
same statistical difference (P<0.05), which was 
opposite to the negative correlation between the 
fat and protein content. Results from our study is 
in agreement with the research of Nemes et al. 
(2016).
Results presented in Table 2 show numerical 
differences between different lactation periods and 
between HF and S breeds, but without any statisti-
cal significant (P>0.05) differences in total regard-
ing the blood triglycerides levels. All cows showed 
significantly high cholesterol concentrations at 
the second stage (HF2 and S2) in comparison to 
the other two lactation stages. The overall signif-
icant (P<0.05) differences were recorded in blood 
cholesterol levels where the HF breed showed a 
higher overall cholesterol (47.07 mg/dL) concentra-
tion compared to the S breed (44.93 mg/dL). The 
cholesterol values at HF3 and S3 stage decreased 
and were found nearly similar to each other in both 
cows breed. Ling et al. (2003) also observed simi-
lar results to ours where the cholesterol level was 
the lowest in the early lactation and then increased 
gradually during the lactation. The increase in the 
cholesterol concentration with the progression of 
lactation was a physiological modification to fulfill 
the requirements of the milking (Hagawane et al., 
2009). In the study of Piccione et al. (2012) the 
total cholesterol and triglyceride were found to be 
considerably elevated and encouraged by the bio-
logical status throughout the mid lactation period. 
Our results of high cholesterol concentration at the 
mid lactation stage coincided with the study of 
Chalmeh et al. (2015) and Jóźwik et al. (2012). 
The probable reason for such increase in cholesterol 
levels might be the high demands for the regulatory 
mechanisms involved in all the processes of milk 
synthesis (Krajnicakova et al., 2003). Because of 
this, typical lipid metabolism changes in the gesta-
tion and the lactation period in many cows. Results 
of our research showed no significant differences 
(P>0.05) between HF and S cows breed regarding 
blood HDL and LDL cholesterol concentration. 
table 2. Triglycerides, cholesterol, HDL and LDL blood lipid profile
Holstein Friesian (HF) Simmental (S)
HF1 HF2 HF3 S1 S2 S3
TG
86.40±1.07 92.60±1.27 78.50±0.37 109.30±1.58 79.20±0.87 59.90±0.78
85.83±1.2 82.80±3.83
Chol
50.40±0.81 52.70±1.08 38.10±0.57 43.10±0.81 52.00±0.94 39.70±0.84
47.07±1.28* 44.93±1.08
HDL
21.80±1.01 34.80±0.44 24.70±0.84 22.40±0.75 35.40±0.92 28.15±0.55
27.10±1.13 28.65±1.07
LDL
30.30±0.87 25.90±0.38 19.00±0.39 23.04±0.80 20.97±0.80 28.55±0.91
25.07±0.92 24.19±0.76
* - significant difference P<0.05; Triglycerides (TG, mg/dL), Cholesterol (Chol, mg/dL), Cholesterol-HDL (HDL-Chol, mg/dL),  
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The concentration of HDL was found insignifi-
cant in all lactating cows. However, HDL was lower 
at the early lactation stage and reached its maxi-
mum value at the mid lactation stage, while the val-
ues decreased again at the late stage of lactation. 
The gradual decline in serum LDL on the one hand, 
and the increase in HDL on the other hand showed 
healthy outcomes at the peak lactation stage in all 
cows, since HDL participates in the reverse trans-
portation of cholesterol preventing thereby health 
disorders as arteriosclerosis and coronary artery 
problems as described by Barter and Rye (1996) 
and Stein and Stein (1999). These free cholester-
ol molecules are then transported into the liver via 
endothelial macrophages and excreted into the bile 
in order to prevent the development of plagues of 
arteriosclerosis. Further, HDL participates also di-
rectly or indirectly in the prevention of inflamma-
tions because of having antithrombotic abilities 
that reduce formation of blood clots (Barter , 2004; 
Davidson and Toth, 2007). On contrary, LDL plays 
a reverse role and is found responsible for plaques 
development of arteriosclerosis (Gardener et al., 
2009). The Simmental breed might be at a high 
risk of inflammation, arteriosclerosis and coronary 
artery diseases because of increase in LDL levels 
throughout the lactation period.
Liver enzymes are very good biomarkers of 
metabolic changes in cows during the milk produc-
tion. AST concentration increased from the lacta-
tion stage one to the lactation stage three in both 
breeds. In our research there were no statistically 
significant (P>0.05) differences in the overall AST 
levels. Liu et al. (2012) reported AST activities min-
imum at the 5-7 weeks of lactation and a signifi-
cant increase in 8-9 weeks of lactation in Holstein 
cows. A close relationship of varying AST values and 
hepatic functions, skeletal muscle and cardiac ac-
tivities of cows have been presented. Determination 
of AST values might be helpful for finding and diag-
nosing hepatic disorders (Sattler and Furl l , 2004). 
The higher values of AST reveal that postpartum 
cows are under physiological stress according to 
research of Mohamed (2014).
In contrast to AST, the concentration of ALT sig-
nificantly reduced from the lactation stage one till 
the lactation stage three, but also without any reor-
dered overall statistical significance (P>0.05).
GGT concentration was significantly high at the 
lactation stage one (HF1 and S) and decreased sig-
nificantly (P<0.05) throughout the lactation period. 
Mil inković-Tur et al. (2005) and Ray et al. (2008) 
described the importance of aminotransferase in 
plasma performing catalytic activity in protein and 
carbohydrates metabolisms. Thus, any alterations in 
the activities of these serum enzymes become re-
sponsible for the cell damage (Lai et al., 2007). High 
yielding dairy cows at the early lactating stages mo-
bilize the body fat and the occurrence of fat reserves 
can cause the grievance in the normal hepatic per-
formance (Mil inković-Tur et al., 2005). Accord-
ingly, the energy balance becomes negative by the 
body’s physical utilization, which could result in the 
mobilization of body fat and liver injury and the var-
iation of liver cell permeability causing further varia-
ble degrees of increase in enzymes concentrations.
In our research and from results presented in 
Table 3, TAS concentration was not found to be 
statistically significant (P>0.05) and was low at the 
first and the third lactation stage. Increase in serum 
TAS concentration was observed from HF1 and S1 
to HF2 and S2 stage, but decreased at the lacta-
tion stages HF3 and S3. HF breed showed higher 
mean values of serum TAS in lactation phase when 
compared to the S breed, but without statistical-
ly significant differences (P>0.05). Pedernera et 
al. (2010) found low antioxidant concentration in 
the first 14 days of lactation in cows grouped on 
the basis of different nutrition. Goff and Stabel , 
(1990) explained that higher amounts of antioxi-
dants are used in the production of colostrum and 
Pedernera et al. (2010) related this low TAS con-
centrations to the production of free radicals and 
involvement of antioxidants in homeorhetic pro-
cesses normally occurring during the early lacta-
tion. Casti l lo et al. (2006) found no difference in 
TAS concentration between the early and the late 
lactating cows, but similarly to our results signif-
icant differences were found in the mid lactation 
stage.
TOS, MDA, SOD and Cat in our research did not 
show any large differences between breeds, only 
with slightly higher concentration of TOS and SOD 
during the peak of lactation (HF2 and S2). Statisti-
cally significant differences in regarding this values 
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table 3. Biochemical, enzymatic and oxidative blood status of lactation cows
Holstein Friesian (HF) Simmental (S)
HF1 HF2 HF3 S1 S2 S3
AST
8.38±0.14 16.53±0.44 18.97±0.13 8.19±0.11 15.88±0.35 18.95±0.15
14.63±0.85 14.34±0.85
ALT
57.10±0.62 45.40±0.72 42.50±0.37 57.80±0.65 44.60±0.64 42.70±0.45
48.33±1.22 48.37±1.29
GGT
24.80±0.53 18.20±1.26 15.10±0.35 24.90±0.38 16.60±0.52 15.10±0.31
19.37±0.88* 18.87±0.83
TAS
2.51±0.13 3.59±0.08 2.21±0.08 2.08±0.13 3.09±0.08 1.84±0.04
2.77±0.12 2.34±0.11
TOS
2.39±0.06 3.67±0.04 2.17±0.05 1.99±0.07 2.64±0.05 1.69±0.05
2.74±0.13* 2.11±0.08
MDA
1.34±0.03 1.84±0.05 2.52±0.05 1.05±0.08 2.46±0.09 2.21±0.10
1.90±0.09 1.91±0.12
SOD
1.36±0.04 3.07±0.09 2.16±0.08 1.64±0.08 2.65±0.05 2.10±0.11
2.20±0.14 2.13±0.09
Cat
1.78±0.02 2.72±0.04 1.75±0.06 2.54±0.07 1.21±0.05 2.47±0.05
2.08±0.09 2.07±0.12
PON1
141.00±1.00 161.50±0.72 144.30±1.04 157.60±1.29 174.70±1.04 165.50±1.23
148.93±1.75 165.93±1.46*
* - significant difference P<0.05; Aspartate Transaminase (AST, U/L), Alanine Transaminase (ALT, U/L), Gamma-glutamyl 
transferase (GGT, U/L), Total Antioxidant Status (TAS, mmol trolox Equiv./L), Total Oxidant Status (TOS, μmol H2O2 Equiv./L), 
Malondialdehyde (MDA, mmol/mL), Superoxide Dismutase (SOD, μ/mL), Catalase Activity (Cat, KU/L), Paraoxonase-1 (PON1; U/min/
mL)
volved to stimulate a chain reaction of lipid perox-
idation usually occur at low level in all tissues and 
elevated in various physiological and pathological 
situations in which are chances of high oxidative 
stress. Normally, energy required during lactation is 
more than the actual need. So, high oxidative stress 
is expected due to high ingestion and consumption 
of oxygen during lactation because most of the high 
milk yielding dairy cows is not able to utilize enough 
dietary energy resulting in negative energy balance 
(Upreti et al., 2002). MDA values vary species to 
species and have link with adaptation of each or-
ganism depending upon oxygen consumption and 
neutralization of free radicals (Pintea et al., 2006). 
According to the study of Brzezniska-Slebodz-
inska et al. (1994), after calving such changes in 
MDA concentration are for short period and supply 
of high nutritive antioxidants can reduce the lipid 
peroxidation level very efficiently.
The overall mean value of the serum PON1 ac-
tivity in S breed was found to be significantly higher 
in comparison to the HF breed in this research. The 
high serum PON1 concentration was observed in 
the mid lactation while lower values were detect-
ed in the as well as in the late lactation in both 
cow breeds. Similar results were obtained in the re-
search of Kulka et al. (2016). During the peak lac-
tation of different breeds, variation occurs in PON1 
activities due to the reduced oxidative status. Such 
decline in PON1 activities after parturition contin-
ues as the lactation advances due to numerous al-
terations in the processes of oxidative status and 
of compensatory responses. Kulka et al. (2016) 
suggested that PON1 might be a valuable marker 
to diagnose antioxidative competency as well as to 
monitor the welfare of the cattle and the best indi-
cator for finding the minimal redox state variations.
Conclusions
Based on the obtained results from our study 
it could be observed that the HF breed had a high-
er total milk production during all lactation periods 
with the lower fat and higher protein percentage 
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showed significantly high values of cholesterol, TOS 
and SOD at the peak lactation (HF2 and S2) stag-
es. Decline from HF1 and S1 to HF3 to Sa3 was 
observed for the values of triglycerides and ALT, 
while the MDA increased during the same lacta-
tion stages in both breeds. The LDL and catalase 
showed an irregular pattern of variations in var-
ious lactation stages among all groups. Lactating 
HF breed showed significantly higher values of ALT 
and PON1, while values of HDL, TAS and TOS were 
higher in the S breed lactating group. By identifying 
these biomarkers showing signs of oxidative stress, 
it was concluded that metabolic efforts of cows at 
the peak lactation were influenced by the studied 
parameters. Disturbance in feed intake and rise in 
metabolic processes lift up oxidative stress in cows 
especially at the peak lactation and might be deter-
mined by monitoring blood alterations. Our results 
indicated that S cows was under higher oxidative 
stress during different physiological conditions 
when compared to HF cows. Finally, HF cows were 
considered more suitable for breeding due to their 
adaptations to the temperate environment. The re-
sults of the present study improved the knowledge 
of endocrine and metabolic variations in cows dur-
ing various stages of lactation, and may be helpful 
to provide a latest strategy for cows farm manage-
ment and productive performance improvement.
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Upravljanje lipidnim profilom i oksidacijskim statusom kod krava 
holstein i simentaske pasmine tijekom laktacije
Sažetak
Upravljanje i određivanje lipidnog profila krvi i oksidacijskog statusa vrlo je korisno sredstvo za doka-
zivanje utjecaja stranih kemijskih tvari na proizvodnju mliječnih krava. Istraživanje različitih biomarkera 
oksidativnog stresa povezanog s različitim problemima u proizvodnji mliječnih krava predstavlja vrlo važno 
pitanje. Cilj ovog rada je istražiti različite biološke markere krava holstein i simentalske pasmine, tijekom 
različitih faza laktacije. Ukupno 60 krava holstein i simentalske pasmine podijeljeno je u dva tretmana (HF 
i S) koji su dalje podijeljeni u tri skupine. Skupine svake pasmine krava bile su podijeljene u tri faze u ranoj 
laktaciji od 32-75 dana (HF1 i S1), maksimalna laktacija 80-165 dana (HF2 i S2) i niska laktacija od 175 
dana nadalje (HF3 i S3). Tijekom pokusa utvrđena je ukupna proizvodnja mlijeka i postotak mliječne masti 
i proteina. Uzorci krvi su uzeti iz jugularne vene svake krave, dok serum je sakupljen bez antikoagulanta i 
pohranjen na -20 °C u malim alikvotima do daljnje analize. Serum je zatim analiziran na trigliceride, koles-
terol, HDL, LDL, AST, ALT, GGT, ukupni antioksidacijski status (TAS), ukupni oksidacijski status (TOS), MDA, 
SOD, katalaze i paraoksonaze (PON1). Značajno (P<0,05) su se pokazale visoke vrijednosti kolesterola, 
TOS-a i SOD-a na vrhuncu laktacije kod svih krava. Postupno opadanje od rane laktacije do niske laktacije 
uočeno je u vrijednostima triglicerida, ALT, dok je MDA postupno rasla iz iste faze u svih krava, dok su LDL 
i katalaza pokazale nepravilan raspon varijacija u različitim fazama laktacije među svim skupinama. Hol-
stein pasmina pokazala je značajno više vrijednosti ALT i PON1 (level of signifikance), dok su vrijednosti 
HDL, TAS i TOS bile niže u simentalskoj skupini. Pokazujući znakove oksidativnog stresa, zaključeno je da 
metabolički napori krava tijekom vrha laktacije utječu na istražene parametre. Poremećaj u unosu hrane i 
porast metaboličkih procesa podižu oksidativni stres kod krava, osobito tijekom vrha laktacije koji se može 
odrediti nadziranjem promjena u krvi. Rezultati istraživanja pokazali su da je krave holštajn pasmine bila 
pod većim oksidativnim stresom u različitim fazama laktacije u odnosu na krave simentaske pasmine. 
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